Abstract: Based upon evolutionary game theory, philosopher of science Brian Skyrms developed certain simulationbased models to explain cultural phenomena for which alternate theories failed to offer plausible explanations. This article aims to examine the preceding claim by unpacking the logical structure of the Skyrmsian theory. Because the mathematical model employed by Skyrms is challenged by the author, the methodology of this study is analytical rather than mathematical simulation. The Skyrmsian approach is purely phenotypic rather than genotypic. Further, it is evolutionary generalist and thus omits the psychological mechanisms or the evolutionary histories from which humans emerge. To compensate for the lack of detail in describing psychological mechanisms, mathematical properties such as robustness are introduced in the Skyrmsian approach. This article illustrates how omitting genotypic factors and the interlocking attributes of phenotypic components might pull the Skyrmsian model away from reality. As a model of force that emphasizes the detail of psychological drives (forces), evolutionary psychology can play a vital role in defining input variables for the Skyrmsian approach, while the latter can function as an evaluation tool to assess the explanatory power of proposed models in terms of robustness. In the era of big data, it is possible for both evolutionary game theorists and evolutionary psychologists to extract robust behavioral patterns and social dynamics from voluminous data.
I. INTRODUCTION
Based upon evolutionary game theory, philosopher of science [1, 2, 3, 4, 5, 6 ] developed certain simulationbased models to explain cultural phenomena, such as adoption of conventional rules, distributive justice and the formation of social networks, for which alternate theories, such as salient feature theory, rational choice theory, and conventional game theory, could not offer plausible explanations. To be specific, prominent game theorist [7] argued that conventions and norms could arise from recognition of salient features. However, this theory has limitations because in many situations either salient features are totally absent or there is more than one salient feature. Rational choice theory shifts the focus from hints in the environment to human cognitive structure, namely, rationality. However, recently rational choice theory has faced serious challenges because it could lead to irresolvable paradoxes, indeterminacy, and many other problems [8] . For example, in the oneshot prisoner's dilemma, no matter what course of action the other party chooses, apparently the most "rational" choice for a player is defection, which results in receiving a longer jail term than choosing to remain silent under coordination would. Obviously, it does not sound rational at all. According to John Nash, the "beautiful mind" who proposed the Nash equilibrium, any unilat-eral deviation from an equilibrium by a player would make that player worse off. However, in the game of divide-the-cake, there are infinitely many solutions that are qualified to be considered an equilibrium: 10%/90%, 15%/85%, 20%/80%, 25%/75%...etc. More importantly, in all these classical theories, it is very difficult to explain how a stable equilibrium could be destabilized by "invasion" and conventions could be changed over several generations because players are said to possess static traits during the course of the game. In brief, in classical game theory players maximize payoff when their identity remains fixed during the course of the game, whereas in evolutionary game theory players are constantly changing their strategies [9] . Other limitations of rational choice theory are also well-documented. Very often our cognitive limitations and imperfect information hinder us from making the right decision [10] . Today many researchers subscribe to the notion proposed by Nobel Laureate [11] that logical assumptions of rationality do not reflect people's actual choices and classical theories failed to take cognitive biases into account. As a remedy, Skyrms proposed a promising approach that seems to work well with low rationality and ambiguous situations.
Further, another appealing feature of the Skyrimsian approach is its spontaneity and naturalness. Inspired by [12] the naturalistic approach, some authors [5] explicitly stated that signals that initially contain no information could spontaneously acquire informational content by evolutionary or learning dynamics. Hence, the central tenet of his approach is: One might use a mindless, self-organizing mathematical model to explain the emergence of social norms and phenomena without invoking any transcendental, hermeneutic, intentional agents, or intelligent designer. Specifically, games played by different participants and social networks could selfassembly themselves through ritualized decisions, modular compositions, or template transfer. In the process of ritualization participants simply follow the custom (ritual) whereas in modular composition simpler games could be merged to form a complicated game. Moreover, in template transfer a game that evolved in one situation could be adapted into another context. The common thread between the preceding methods is that high rationality is not required, and therefore spontaneous selforganization is possible [13] .
Could the Skyrimsian approach remediate the shortcomings of rational choice theory and conventional game theory? Is it possible to explain the emergence of norms and social networks by spontaneity and self-organizing mechanisms? Paradoxically, while evolutionary game theorists criticized rational choice theory for its overreliance on human rationality, justification for evolutionary game theory is still based on logical deduction, which is highly rational in essence. Well-known games in evolutionary game theory include hawk-dove, war of attrition, stag hunt, producer-scrounger, and tragedy of the commons. The solutions of these games are based on logical deduction rather than empirical data. Take the hawk-dove game as an example. The hawk and the dove are referred to as aggressors and peace-makers, respectively. According to evolutionary game theorists, the population could reach the equilibrium point after the hawks and the doves interacted repeatedly. It is stating the obvious, but very few researchers admit that this kind of mathematical model might not applicable to real-life situations [14] , even though shortcomings of evolutionary game theory had been revealed by recent research [15] . This article aims to address this research gap by unpacking the Skyrmsian approach in a logical and rational fashion, and also pointing out the limitations of mathematical modeling. Mathematical modeling is an abstraction of reality; however, explaining human behaviors necessitates analysis of concrete situations and examplebased modeling. While the author by no means downplay the merits of evolutionary game theory or mathematical modeling, this study offers a balanced view by coping with the advance of big data analytics. In the era of big data, data scientists turn to pattern-seeking by observing numerous concrete examples, in addition to statistical modeling [16, 17] .
II. METHODOLOGY
Following the line of reasoning as stated in the previous section, the author didn't utilize mathematical modeling to examine the claims made by evolutionary game theorists. Rather, the logical structure and philosophical assumptions of the Skyrmsian approach were unpacked; its strength and shortcoming were evaluated with reference to relevant literature [18] . It was argued that evolutionary game theory is descriptive because it illustrates how people would choose. However, the notion that science is descriptive is nothing more than an urban legend. Science is indeed value-laden and our epistemology is often driven by ontological assumptions. Put it bluntly, a naturalistic ontology would lead to an agent-free and naturalistic theory of human behaviors [19] . Apparently, the idea that human norms and social networks emerged from self-organizing mechanisms is implied from a naturalistic framework. The subsequent analysis will let the readers decide whether spontaneity and naturalness of the Skyrmsian model is a bold assumption or a rea-sonable conclusion, and whether the conclusion yielded from evolutionary game theory is descriptive or prescriptive.
The starting point adopted by Skyrms is to draw an analogy between R. A. Fishers statistical solution to the sex-ratio problem and the equilibrium of 50%/50% in the game of divide-the-cake. Like Fisher, Skyrms employed a mathematical model of evolution to explain human behavior. By using Monte Carlo simulations, Skyrms demonstrated how certain behaviors and population structures (e.g., meaningful semantics, the concept of fairness, social networks) could eventually emerge after many generations regardless of what the initial conditions are. This approach does not require the recognition of salient features, nor does it hold a strong assumption of human rationality and common knowledge or a unique Nash equilibrium for any game [18] . More importantly, it gives a plausible account of how a stable system could be invaded under different combinations of topology in the population and under various strategies adopted by players.
There are two distinct characteristics in the Skyrmsian approach. First, it is purely phenotypic rather than genotypic in the sense that it focuses on topology but takes no account of relevant genetic bases for behavioral dispositions as suggested by evolutionary biologists [20] . Second, in contrast to evolutionary psychology, which emphasizes specific psychological factors of human behavior, the Skyrmsian approach is evolutionary generalist; it is a mathematical abstraction instead of an empirical modeling; it entirely omits the psychological mechanisms and evolutionary histories from which humans emerge. The above two features are interrelated in terms of their emphasis on global structure instead of individual attributes as well as on mathematical abstraction instead of empirical detail. To compensate for the lack of detail in explaining human behavior, Skyrms established the merits of his approach by using the criteria of mathematical properties such as representativeness, robustness, flexibility, and parsimony [21] .
As it is impossible to exhaust every argument and counter-argument pertaining to the Skyrmsian approach, this paper focuses on the following three aspects. First, the necessity of both genotypic and phenotypic explanations for human behaviors and why the Skyrmsian account may be inadequate will be discussed. Second, by comparing the characteristics of the particularist account offered by evolutionary psychology and the generalist account advocated by evolutionary game theory, the author will discuss how the Skyrmsian approach could remediate the weaknesses of the particularist account of human behavior, though robustness in mathematical modeling could not fully compensate for the lack of detail in describing psychological mechanisms. Last, the particularist and the generalist approaches will be compared and contrasted in the context of the theory of force and statistical explanation. It is the conviction of the author that not only are the two approaches not mutually exclusive, but they could also be put together to provide a more thorough presentation of cultural evolution.
III. GENOTYPES AND PHENOTYPES
Skyrms built his replicator dynamics on the evolutionary hypothesis in terms of reinforcement by payoff and adaptation. According to Tennant, the Skyrmsian selection process assumes that every individual is (in the relevant phenotypic aspect) exactly like its parent, and that is why the Skyrmsian selection process is considered purely phenotypic [20] . Nonetheless, the modern evolutionary model consists of two components: the theory of natural selection and the theory of Mendelian inheritance. The original evolutionary hypothesis proposed by Charles Darwin stressed environmentally-driven factors, namely, selection pressure on species. The theory of Mendelian inheritance, which emphasizes genetic factors, was proposed by Gregor Mendel in late 19th century and was promoted by de Vries in early 20 th century. Although the genetic theory was rejected by the biometric school led by Karl Pearson, by 1918 R. A. Fisher had brought the dispute to a conclusive closure by successfully synthesizing evolutionary theory, biometric methodology, and Mendelianism [22, 23] . The theories of natural selection and Mendelian inheritance explain human behaviors in different domains. Natural selection theory accounts for the variation of a population as a function of the different phenotypes, whereas Mendelianism aims to predict and explain the transmission of genotypes from one generation to the next. In modern evolutionary theory, phenotypes and genotypes are not isolated; rather, genotypes become phenotypes through the process of development. One important aspect of using evolution to explain behaviors is to understand the mechanics of the mapping of genotypes onto phenotypes [24, 25, 26] .
In spite of the importance of mapping genotypes onto phenotypes, Skyrms's approach is phenotypic in essence. [13] explicitly pointed out the problem of this narrow focus in the Skyrmsian model:
"The key idea (of replicator dynamics) that Skyrms invokes is that of positive correlation. Skyrms defends the realism of this assumption: If interactions (among players in a replicator dynamic) tend to be among rela-tives, then interactors will tend to resemble each other. If the phenotype in question is influenced by genes, how far does this observation take us in establishing the plausibility of Skyrms' proposed explanations? An additional question that needs to be addressed is whether the different strategies that Skyrms describes are heritable. Do offspring tend to resemble their parents? This might be due to shared genes or to learning and imitation. Since subjects did not act the same in the experiments that Skyrms cites, the question of heritability (at least in the present, if not in the unobservable past) should be tractable."
Further, in Tennant's view [20] , real-world populations of social individuals do not always match Skyrms's assumptions. While some important phenotypic traits are heritable, offspring in sexually reproducing species often do not exactly resemble their parents in the phenotypic aspects. Instead, due to genetic recombination, offspring often look different from either one of their parents in traits or behaviors. While Skyrms emphasized how mutants invade a population and subsequently alter the equilibrium, gene recombination in evolution, according to [22] , is far more important than mutation in producing heritable variations upon which natural or artificial selection could then act. In other words, the omission of genotypic factors might make the Skyrmsian model unrealistic.
One may argue that, unlike in biological evolution, phenotypic factors should be more important than genotypic components in cultural evolution, such as the formation of conventions and norms. One of the major assumptions in the Skyrmsian model is that biological evolution and cultural evolution are closely analogous. [1] asserted that Darwinian Theory can be imported into the cultural context, in which imitation and learning play an important role. However, Skyrms did not specify how exactly these two types of evolution are related. Is cultural evolution purely phenotypic, as he illustrated? If so, why should we maintain that the theory of biological evolution, which is composed of phenotypic and genotypic elements, is applicable to the theory of cultural evolution, which is highly phenotypic?
Nonetheless, even if only phenotype is taken into consideration, the Skyrmsian selection process may be too simplistic to match the reality. In the past, the phenotype has been held to be highly responsive to the everchanging environment. Change is inevitable and it occurs incrementally, character by character. However, [27] argued that a phenotypic change in one biological character will almost certainly have an impact on others. Thus, a phenotypic model should not be viewed as a character-environment relationship, but as a system of character integration. Because of the interlocking attribute of biological characters, some phenotypes are intrinsically resistant to evolutionary change. While the conventional approach of phenotype focuses on characters and adaptive evolution, the new structural approach pays attention to adaptive forces in evolution, such as constraints. Although Schwenk's discussion regarding phenotype centers on biological characters, it has important implications for behavioral patterns, social norms, and cultural traits. In the Skyrmsian model, it is assumed that players would change their strategies according to payoff. However, like biological characters, cultural traits are tightly interrelated and thus it is not uncommon that resistance to changes stalls the process of cultural evolution, even at the expense of payoff. As a matter of fact, some conventions and norms in certain older civilizations, though becoming impractical under the wave of globalization, remain intact in spite of low or negative payoff [28] . The Israel-Arab conflict provides another example; this Middle-East crisis is a real-life version of divide-the-cake. In 1947 the United Nations reached a resolution to partition Palestine into a Jewish state and an Arab state. After the 1957, 1963, and 1973 wars and numerous smaller-scaled arms conflicts, adaptive players, theoretically speaking, should have realized that 50%/50% or 60%/40% is a more desirable equilibrium than getting nothing at all or paying a high price to keep lands under high uncertainty. In reality, adaptive behaviors according to payoff are found in neither party, which reflects the fact that cultural traits are tightly interlocked and thus resistance against adaptation may be far more common than we thought in the phenotypic cultural evolution.
A. The Particularist Account of Evolutionary Psychology and the Generalist Account of Evolutionary Game Theory
Evolutionary psychology is a fairly new discipline, emerging over the past few decades. It is important to point out that although evolutionary psychology is considered a particularist account of human behavior, it is not interested in studying different behaviors in different situations. Rather, its focus is on human nature in the context of how selection pressure shapes a universal cognitive mechanism. The precursor of evolutionary psychology is sociobiology, which also aims to explain human behavior through human nature. Most sociobiologists are genetic determinists, though some are more subtly so than others. For instance, philosopher of science Michael Ruse and the father of sociobiology [29, 30] boldly claimed, "ethics as we understand it is an illusion fobbed off on us by our genes to get us to cooperate". However, most evolutionary psychologists do not focus on genetic explanations at the exclusion of other explanations. In other words, evolutionary psychology is not genetically deterministic. Further, sociobiological accounts often fail in generalizing from crucial details of particular ecologies and ontogenies of the species whose behaviors they seek to explain. As a remedy, evolutionary psychology has moved toward a particularist approach to the evolutionary explanation of human behaviors by giving the details of psychological mechanisms [31] .
As mentioned before, unlike rational choice theory, which requires a strong assumption of human rationality, evolutionary game theory does not emphasize any universal human cognitive process or human nature. To be explicit, the Skyrmsian mathematical model regards cognitive details as unimportant. Resentment of particularists toward generalists is understandable because it seems that evolutionary game theory falls back to the age of sociobiology. Without some kind of fine-grain story of the biological or psychological mechanism that brings about the behavior in question, the generalist's account could be misused as a form of "naturalistic god of the gaps" [32] . It is understandable that a mathematical approach to the explanation of human behaviors might be considered a kind of "naturalistic God of the gaps" because invoking a highly abstract model could explain too many things. In Christian apologetics, when intelligent design is invoked as the ultimate answer to any phenomenon which has not been explained by science, this approach is mocked as "God of the gaps." By the same token, when the evolutionary dynamic is used while the details of evolution are unexplained, it is said to be the "naturalistic God of the gaps". As a counter-argument, [33] maintained that the particular and the generalist accounts are compatible. What the generalist explanation provides is an explanation for why such behavior was selected in the first place, whereas the particular approach shows how certain specific mechanisms serve to produce certain behaviors.
IV. ANALYSIS OF NATURALNESS, STABILITY,
ROBUSTNESS, AND LONG RUN Skyrms defended his position by introducing certain mathematical properties, including representativeness, robustness, and flexibility, to explain why psychological state, cultural context, social condition, and other details are irrelevant. Among the three properties, the notion of robustness is the most important one. According to [3] , an equilibrium is said to be stable and a model is regarded as robust if the dynamics carry every possible initial state in the interior state space to that equilibrium. If stability and robustness are achieved, a mathematical model can have explanatory value even when we are completely uncertain about the detail of the initial state in the system. Nonetheless, [3] admitted that even a structurally stable model might, after all, be badly mis-specified.
Interestingly enough, a mathematical model that could achieve stable and robust results could be treated as evidence against naturalistic and agent-free explanations. Take Central Limit Theorem as an example. According to Central Limit Theorem, a sampling distribution of any statistics would eventually approximate normality by repeated sampling with replacement, no matter what the initial condition is (it doesn't matter whether the underlying population is normal, skewed, uniform, bimodal, or multi-modal). For some researchers, this amazing "self-organizing" pattern out of seemingly randomness is viewed as a manifestation of divine order instead of spontaneity [34, 35] .
It is important to point out that, strictly speaking, "stability" and "robustness" are two different concepts. A model demonstrated to be stable is not necessarily also robust. In measurement and statistics, stability is synonymous with temporal reliability and reproducibility [36] . Take the game of divide-the-cake as an example. If the same initial conditions are given, it is expected that all simulations would yield the same or similar results no matter how many simulations are run. In this case no procedure for altering initial conditions is involved. Skyrms is entirely right that a stable model could be totally mis-specified. When I use a curved ruler to measure my height a hundred times and all results consistently show that I am six feet tall, no doubt the measurement model is stable, but it does not carry any explanatory value to my physical condition.
In statistics, the term "robustness" can be interpreted literally. Consider this analogy: If a person is robust (strong), he will be immune to hazardous conditions such as extremely cold or extremely hot weather. If a statistical test is robust, the validity of the test result will not be affected by poorly structured data. In other words, it is resistant against violations of parametric assumptions. Robustness has a more technical definition: If the actual Type I error rate of a test is close to the proclaimed Type I error rate, say 0.05, the test is considered robust. In the context of Monte Carlo simulation, a robust model must be defined by a criterion of convergence or a specific cut-off value for the error rate [37, 38, 39] . The explanatory value of robustness study in statistics has been a controversial topic because both the initial conditions and the cut-off criterion are said to be artificial and arbitrary. Also, more seriously, robustness is a long run concept. This is not very impressive when certain values converge after running a large number of simulations. Some patterns would eventually emerge from a random, structured, or mixed process in the long run. It is important to point out that a mathematical model appealing to the long run is almost always right; it could explain many things but indeed its explanatory power is limited. For example, by invoking "regression towards the mean" [40] asserted that the returns in a financial time series can be very stable in the long run. If you are an investor, can you find anything useful from this statement? Borrowing [41] phrase "in the long run we are all dead", I would question the robustness criterion by saying "in the long run many things can converge." Further, when a robust model is imposed on specific data, there is a big logical gap between the general model and the particular data. It is legitimate to question how one could know that a robust model could be applied to the issue in question. In short, a stable model could be consistently wrong, and a robust model might have no connection to reality. As a matter of fact, the evolution of communication and establishing meaningful semantics is not fool-proof or certain. Failure of communication is a real possibility [42] . In a similar vein, [13] challenged Skyrms by arguing that we need to ask whether our ancestors really solved problems in the same manner as the games of divide-the-cake, the ultimate game, and the prisoners' dilemma. They contended that mathematical models are one thing, but empirical reality is another. Much more empirical work is needed to show how the Skyrmsian model and reality are connected. As a matter of fact, playing games in a controlled environment is vastly different from "playing games" in the real world. The dictator game, which is used very often for studying morality and cooperative behaviors, is a good example. In a typical study utilizing the dictator game, the first participant is told to divide a gift to the second participant. The game is so named because the decision made by the giver is final. At first glance, most results are encouraging: Many participants were willing to share the newly-acquired wealth. However, the result was completely different when the dictator game was conducted in a naturalistic setting. In a study [43] carried out at a bus stop in Las Vegas, the researcher told some strangers that he was in a hurry to the airport and therefore he wanted to give away his casino chips. The researcher explicitly suggested to the receivers to share a portion of the money to another stranger at the bus stop, who was actually a member of the research team. In contrast to the previous results, no one in the naturalistic study gave any portion of the endowment to the stranger. Put it bluntly, our realistic behaviors are context-dependent.
Further, [5] challenged the Kantian notion that lying is immoral but his example is unrealistic. According to Skyrms, in some games the average payoff with honest signaling is less than that with deceptive messaging. Thus, the player would systematically send deceptive signals, such as incomplete information or misinformation, to the other party. Although [44] praised this point as a logical counter-example against the Kantian notion, this argument is by no means new. First, many ethicists agree that in extraordinary situations it is imperative for us to lie. One classic example is that in 1943 the Allies implemented Operation Bodyguard to mislead the German intelligence about the strategic location of the DDay invasion. Another good example also happened during World War II. When Jews were arrested and imprisoned in concentration camps, some courageous "Samaritans" lied to German soldiers looking for Jews hidden in their homes [45] . However, these are unusual times when not telling the truth is a good thing. It would be hard-pressed to imagine how a society could be better off without accepting honesty as the norm. Take China as an example. When too many manufacturers produce counterfeit, shoddy and dangerous products, at the end no one can tell which product is trustworthy. In this case it is self-defeating for everyone to be dishonest for his or her own advantage [46] . [6] asserted that in some signaling games the sender always sends a signal that deceives the receiver. He wrote, "Universal deception in this strong sense is not only logically consistent in the sense of involving no contradiction, but also evolutionarily consistent in the sense of being an equilibrium...Kant was wrong, wasn't he?". However, the example used by Skryms is hypothetical: The player is locked in a cabinet and would like to be released. The only way for her to get out of the cabinet is to send signals to a receiver. According to [5] , the best strategy should be sending deceptive signals all the time. Although this scenario is mathematically sound and logically possible, Skyrms failed to cite any realistic examples that can lead to any practical implications for improving social wellbeing.
Although it is doubtful whether the generalist account of evolutionary game theory could supersede the particularist account of evolutionary psychology, this does not imply that the Skyrmsian approach is fundamentally flawed or has no merit. On the contrary, mathematical modeling in evolutionary game theory is indis-pensable because it can account for the dynamic aspect of a model. To be explicit, it could effectively explain how a system could be destabilized and how an equilibrium could eventually be restored. As a matter of fact, the particularist account introduced by evolutionary psychology is not trouble-free. While evolutionary psychologists are proud of giving detail in their explanation, very often the detail can only explain a phenomenon in a specific setting; it fails to explain why changes in those norms and conventions occur later. For example, from the perspective of evolutionary psychology, men are preprogrammed, according to [47] , to have as many women as possible in order to maximize the probability of procreation. It is noteworthy that Wright did not attempt to rationalize promiscuous sex or other egoistic behaviors; rather, he claimed that the aim of his analysis is to lead readers toward greater compassion and concern for their fellow human beings after exposing them to evolutionary psychology. However, if this aspect of so-called "human nature" had been hard-wired into every man's cognitive structure, it is very difficult to imagine how these static traits could be transformed, as they clearly would have to have been in many men. In addition, [48] argue that rape may have been favored by natural selection because it furthers male reproduction. In opposition to learning theory, which proposes that rape is a kind of unnatural and learned behavior through socialization, these evolutionary psychologists assert that rape is natural and genetically driven. It is important to point out that these authors do not justify rape by saying that it is natural. In contrast, they attempted to develop an evolutionarily informed educational program for young men that focuses on increasing their ability to restrain their sexual desire. However, regardless of how much psychological detail the theory illustrates, this theory is not applicable across all situations. Rape may be acceptable in a small number of societies, but in most cultures rape is considered both immoral and illegal. No convincing answer to why this is the case is offered by evolutionary psychologists.
As mentioned before, sociobiology is a precursor of evolutionary psychology, and not surprisingly, they face similar criticisms. During the 1970s, because of the perception that behaviors seem to be unalterable in his framework, E. O. Wilson, the founder of sociobiology, was accused of being a right-wing extremist who hijacked science to cover up racism and sex discrimination. Even if we put aside the agenda of political correctness, by the same token, evolutionary psychology also has difficulties in accounting for behavioral changes of a population. To be fair to evolutionary psychologists, they are not so naïve as to say that hard-wired psychological mechanisms exclude any cultural evolution and social learning. As mentioned previously, most evolutionary psychologists are not biological determinists. The issue is that the complexity of psychological mechanisms is a strong factor in evolutionary psychology; the more complex the mind is to start with, the more complex culture and society can become [49] . The more complex culture and society can become, the more resistance to change the society can face. In a modeling perspective, a high level of complexity creates tremendous difficulties in formulating a model of change. In this sense, evolutionary game theory seems to be a better analytical tool for the dynamic aspect of cultural evolution than evolutionary psychology, and thus it is inevitable for the former to sacrifice of certain detail.
V. DISCUSSION
Although evolutionary game theory has more potential for explaining mutation and change in population structure than its psychological counterpart has, no doubt there is a gap between the Skyrmsian simulation-based model and the reality. Nevertheless, the two approaches could work hand in hand to provide a comprehensive view of cultural evolution.
According to [50] , there are two major approaches to viewing the nature of evolutionary theory, namely, the theory of force and the statistical interpretation. The following two scenarios were used to illustrate the differences between these two approaches. In the first scenario, a feather is dropped from a height of one meter. In the second, ten coins are randomly drawn from an urn containing 1000 coins: 500 with heads up, 500 tails up. In both cases we might make a prediction about the outcomes. We might predict that the feather will fall within a certain scope. In the coin-drawing case, we predict a distribution of heads and tails resulted from drawing. However, there is a significant difference between the two predictions. In the former, the trajectory of the falling feather is generated by the forces known by our physical laws. In the latter, the expected outcome does not result from attending to the forces acting on the coins. Instead, certain probability laws are at work, and the population structure must be taken into consideration. In other words, in the former case, particular details such as the force of gravity, the wind speed, the distance between the dropping point and the ground, and other conditions pertaining to physical laws should be taken into account to explain the outcome. In the latter the issue is purely mathematical and thus it is legitimate to apply mathematical criteria to evaluate the prediction. Furthermore, Walsh et al. asserted that the error types in these two approaches are totally different. In the case of falling feather, errors in prediction result from ignorance of detail, e.g., a scientist might not measure the wind speed correctly. However, in the coin-drawing scenario, the nature of the error is statistical, such as random fluctuations. There are two phenomena to be explained in evolution: The individual properties and the population structure, which are approached by some researchers from a theory of force and statistical explanation.
The above analogy could be well applied to the distinction between evolutionary psychology and Skyrmsian mathematical modeling. The particularist account offered by evolutionary psychologists is a theory of force, in which specific causal agents, such as psychological drives, are said to bring out behavioral consequences. On the other hand, the Skyrmsian simulationbased approach is obviously a mathematically-based model, in which robustness can add weight to the explanatory power of a prediction. It is important to point out that the essence and purpose of these two types of theories are fundamentally different, and thus applying the criteria of one to dismiss another, or vice versa, is unfair and counterproductive.
It is not surprising that the evolutionary generalist approach is viewed as invoking "naturalistic God of the gaps" because many other statistical and probabilistic theories face the same kind of hostility. To be specific, in statistics most phenomena could be answered by blanket concepts like the following: "The score of group A is high in the first test and low in the second one because of random fluctuations." "The score is high in the first test and low in the second one because of regression to the mean." "Sometime the score is high and sometime it is low. This variation forms a normal curve. Many things in the world happen according to the bell curve effect." Needless to say, this kind of "universal" answer does not give any detail. Readers still have no clue why the test score is high in one test but low in another; what they need to know are the mental state of the test takers, the content of the items, and other relevant details. For a similar reason, philosopher of science [51] is critical of the explanatory power of the bell curve argument in the social sciences because the so-called bell curve effect has no causal power.
If using statistical laws is viewed as a convenient way to fill the explanatory gap, no wonder it is seen as a form of "naturalistic God of the gaps." Nevertheless, this criticism is unfair because the goal of statistics is to study the aggregate pattern of the subject matter with reference to some distributions, but not to illustrate the qualitative detail of the agents that cause changes in variables. By the same token, the Skyrmsian approach is not guilty of lacking detail and should reject the charge of invoking "naturalistic God of the gaps," for its merits are concerned with studying the structure of a population and the process of its change in a mathematical sense.
Hence, not only are the particular and the generalist approaches not mutually exclusive, but they also could be complementary to each other in the sense that the particularist account can specify input variables for a simulation-based methodology while the mathematical approach can evaluate the long run stability and the robustness of a specified model. For example, the tendency of reciprocity among players is essential to the Skyrmsian game scenarios. In response to the Skyrmsian conception of morality, evolutionary psychologist Dennis Krebes elaborated on the behavioral pattern of reciprocity by incorporating insight from psychology. To be specific, [52] argued that evolutionary game theory could explain morality because we are biologically disposed to maximize others' tendency to practice the "Golden Rule" in their interactions with us. In other words, we preach this principle to create the impression that we practice it and expect the same to be done to us by others. Moreover, Krebes argued that humans inherit dispositions to invoke certain cooperative strategies that define moral development in Kohlberg's theory. In examining the robustness claim of the Skyrmsian model, [53] also suggested that for Skyrms's project to be carried through, the evolutionary models must be informed by the empirical work of evolutionary biologists, anthropologists, and primatologists. As mentioned in an earlier section, a stable and robust model may be a mis-specified model after all. A particular account can definitely be helpful in specifying a proper model. However, particularists such as psychologists, biologists, sociologists and anthropologists may provide too many diverse details to formulate a coherent global picture of cultural evolution. Also, a high level of complexity is detrimental to a model of change. The beauty of mathematics is in its ability to simplify the detail, suppress the noise, and smooth the residuals. When a positive feedback loop is formed between evolutionary psychology and evolutionary game theory, the chasm between modeling and reality might eventually be bridged.
VI. CONCLUSION
The Skyrmsian approach to the emergence of signaling protocols and social networks is appealing because of its naturalness and spontaneity. This approach is said to a remedy for the shortcomings of other paradigms that necessitate rationality and recognition of salient features. Although some situations are rectified, new issues arise. Specifically, the Skyrmsian approach is phenotypic rather than genotypic because it focuses on mathematical topology without taking psychological dispositions into consideration. Unlike evolutionary psychology that investigates mental factors, the Skyrmsian approach is evolutionary generalist. His methodology is mathematical rather than empirical, but mathematical ideals might not be congruent with the real world. For example, Skyrms used a mathematically and logically sound scenario to illustrate how lying can be productive and why the Kantian notion of honesty is wrong, but it is doubtful whether his hypothetical example can result in any practical implications for improving social wellbeing. Additionally, a mathematical approach to the explanation of human behaviors is considered a kind of "naturalistic God of the gaps," because the so-called stable and robust results in the long run could explain too many things while the detail remains unexplained. Nevertheless, mathematical modeling in evolutionary game theory is still indispensable because it can account for the dynamic aspect of a model and compensate for the weakness of evolutionary psychology. Very often evolutionary psychologists fail to explain how and why certain norms and conventions could be broken. Nonetheless, it is the conviction of the author that the two approaches could work side by side to develop a comprehensive view of cultural evolution. In the future it is advisable for both evolutionary game theorists and evolutionary psychologists to extract robust behavioral patterns and social dynamics from big data [54, 55] .
